Background-Antineutrophil cytoplasmic antibodies (ANCAs) are found in the sera of patients with vasculitides and ulcerative colitis. Using indirect immunofluorescence on ethanol fixed neutrophils, ANCAs can be divided into two types: those that give a cytoplasmic staining pattern (C-ANCA) and those that give a perinuclear staining pattern (P-ANCA). Some studies have indicated that the perinuclear staining pattern might be an artefact of alcohol fixation. Aims-To observe any changes seen in the ANCA staining pattern using indirect immunofluorescence on unfixed neutrophils or neutrophils that had been fixed by ethanol, acetone, or paraformaldehyde. In addition, the effects of the different fixation methods on the sensitivity ofthe indirect immunofluorescence test were evaluated.
mic antibodies (ANCAs) are found in the sera of patients with vasculitides and ulcerative colitis. Using indirect immunofluorescence on ethanol fixed neutrophils, ANCAs can be divided into two types: those that give a cytoplasmic staining pattern (C-ANCA) and those that give a perinuclear staining pattern (P-ANCA). Some studies have indicated that the perinuclear staining pattern might be an artefact of alcohol fixation. Aims-To observe any changes seen in the ANCA staining pattern using indirect immunofluorescence on unfixed neutrophils or neutrophils that had been fixed by ethanol, acetone, or paraformaldehyde. In addition, the effects of the different fixation methods on the sensitivity ofthe indirect immunofluorescence test were evaluated.
Methods-Twenty one sera from patients with ulcerative colitis and 19 from healthy controls were studied. In addition, 17 sera from patients with vasculitides, including eight with proteinase 3 (PR 3) positive C-ANCA and nine with myeloperoxidase (MPO) positive P-ANCA were included in the study. Antineutrophil cytoplasmic antibodies were analysed by indirect immunofluorescence on unfixed neutrophils or cells fixed by ethanol, acetone, or paraformaldehyde. Results-All the ulcerative colitis associated ANCA positive sera presented a perinuclear staining pattern on both unfixed and fixed cells. The acetone and paraformaldehyde fixations decreased the ulcerative colitis P-ANCA titres. Paraformaldehyde fixation also decreased the MPO positive P-ANCA titres. In indirect immunofluorescence, the staining patterns of all the eight PR 3 positive C-ANCA sera and eight of the nine MPO positive P-ANCA sera did not change, even if unfixed or fixed cells were used. Conclusions-The ANCA staining patterns are not affected by the fixation method used, and are the same as when unfixed neutrophils are used; this suggests that the P-ANCA pattern is not an artefact of alcohol fixation. Furthermore, this study confirms that on ethanol fixed neutrophils, the antigen of ulcerative colitis associated P-ANCA is better exposed than on acetone or paraformaldehyde fixed cells. Antineutrophil cytoplasmic antibodies (ANCAs) were described originally in sera from patients with Wegener's granulomatosis and other forms of vasculitides.'-3 Later, they were found also in patients with inflammatory bowel diseases. 4 The standard method for detection of ANCAs is indirect immunofluorescence on ethanol fixed neutrophils, as defined by two international workshops.5 6 Using this technique, ANCAs give two distinct patterns-a cytoplasmic staining pattern (C-ANCA) or a perinuclear staining pattern (P-ANCA).7 The cytoplasmic staining pattern was found to be strongly associated with Wegener's granulomatosis,' whereas the perinuclear staining pattern was connected with systemic vasculitis and inflammatory bowel disease. 3 The antigen of the cytoplasmic staining pattern associated with Wegener's granulomatosis has been identified as proteinase 3 (PR 3).8 9 The antigen of P-ANCA in most patients with other vasculitides has been shown to be myeloperoxidase (MPO),' 10 whereas the antigen of P-ANCA in patients with ulcerative colitis has not been defined." 12 It has been reported that the anti-MPO associated P-ANCA reaction in vasculitides is an artefact caused by alcohol fixation of the neutrophils, which causes cytoplasmic antigens to redistribute around the nucleus.3 In ulcerative colitis, some studies""5 have shown that the P-ANCA reaction also might be an artefact of alcohol fixation, but others studies have not supported this hypothesis.4 16 Regarding years) were included in the study. The diagnostic criteria were consistent with those in a previous study. 18 In addition, 17 ANCA positive sera from patients with small vessel vasculitides, nine with anti-MPO positive P-ANCA, and eight with anti-PR 3 positive C-ANCA were used to test the influence of different fixation methods. The anti-MPO and anti-PR 3 activities of the sera were determined by enzyme immunoassay kits for quantitative determination of antibodies to MPO and PR 3 (Ferring Diagnostica AB, Malmo, Sweden). The P-ANCA and C-ANCA staining patterns were screened by indirect immunofluorescence with ethanol fixed neutrophils.
Nineteen serum samples from blood donors (seven women, 12 men; median age 46.0 years, range 22-63 years) were used as healthy controls.
PREPARATION OF HUMAN NEUTROPHILS
Heparinised venous blood was drawn from healthy blood donors and staff. Neutrophils were separated by Ficoll-Paque (Pharmacia Biotech AB, Uppsala, Sweden) density centrifugation according to the method of B0yum. 9 Glass slides displaying neutrophils on a well defined area were prepared by means of cytocentrifugation (Shandon Cytospin, Cheshire, UK). DIFFERENT were placed on slides and fixed for 10 minutes at room temperature in absolute acetone, air dried, stored at 4°C, and used within one week of preparation. Fluorescein isothiocyanate labelled F(ab)2 rabbit antihuman IgG antibodies (see above) were used as the secondary antibody. Sera in the indirect immunofluorescence tests giving a typical homogeneous or speckled staining reaction with the cell nucleus of the rat liver tissues were regarded as positive. The serum samples were tested at an initial dilution of 1/10 and further at twofold dilutions of between 1/20 and 1/1280.
ANA TESTS ON HEP-2 CELLS
The ANA kit with mitotic human epithelioid cells (HEp-2) for semiquantitative detection of ANAs in human serum by indirect immunofluorescence was purchased from Immuno Concepts (Sacramento, California, USA). The tests were performed according to the manufacturer's instructions.
To eliminate the influence of ANAs on ANCA analysis, only ANA negative sera were included in the present study.
STATISTICAL ANALYSIS
Cochran Q test, Friedman two-way analysis of variance by ranks, Wilcoxon signed ranks test and Spearman's rank correlation test were used for statistical analysis. A p value < 0.05 was considered to be statistically significant.
Results
Using indirect immunofluorescence on ethanol fixed neutrophils, 13 of 21 (61.9%) sera from patients with ulcerative colitis were found to be ANCA positive and all the 13 positive sera gave a perinuclear staining pattern. No cytoplasmic staining pattern was found in any of the ulcerative colitis patients.
When the test was performed on unfixed neutrophils or cells fixed in paraformaldehyde or acetone, the ulcerative colitis P-ANCA pattern did not change. However, one serum sample which was positive with a low titre of 1:10 when ethanol fixed neutrophils were used was Influences offixation methods on ANCA analysis by indirect immunofluoresence The titre of P-ANCA < 1: 10 is considered as negative. All eight PR 3 positive C-ANCA sera presented a C-ANCA indirect immunofluorescence pattern on unfixed neutrophils, cells fixed by acetone, or cells fixed by paraformaldehyde. The titres of the PR 3 positive C-ANCA were not altered significantly by the different fixation methods (p = 0.35). The median titres and ranges are shown in table 3. Serum samples from 19 blood donors were all ANCA negative in the indirect immunofluorescence test when the different fixation methods were used. Discussion Generally, fixation of biological cells can be achieved with organic solvents or cross linking reagents. Organic solvents such as alcohols and acetone remove lipids and dehydrate the cells, precipitating the proteins on the cellular architecture. Cross linking reagents such as paraformaldehyde form intermolecular bridges, normally through free amino groups, thus creating a network of linked antigens."
Although fixation is used to prevent the occurrence of various artefacts, it may itself cause changes within the cell so that it deviates significantly from the normal.21 Therefore, it has been suggested by immunopathologists that unfixed cell preparations should be used whenever possible, unless the antigen under investigation is known to be soluble. 22 To date, we have not found any reports analysing ANCAs on unfixed human neutrophils in an indirect immunofluorescence test. In the present study, we used not only ethanol, acetone, and paraformaldehyde fixed neutrophils, but also unfixed ones, to observe possible changes in the ANCA staining pattern. We found that all the 13 P-ANCA positive sera in patients with ulcerative colitis and eight out of the nine MPO positive P-ANCA sera gave a perinuclear pattern on both unfixed and fixed cells, while all the eight PR 3 positive C-ANCA sera expressed a cytoplasmic staining pattern on both unfixed and fixed cells, independent of the fixation method used. These findings suggest that the ANCA pattern is very stable and the same when both unfixed or fixed neutrophils are used. Thus, the ANCA pattern does not appear to be a result of an artefact of ethanol fixation, as has been suggested. This does not contradict the fact that various neutrophil fixation methods may influence the ANCA staining pattern. Falk 16 Furthermore, our studies on unfixed neutrophils also showed a perinuclear staining pattern.
The disparity between previous studies could be due to methodological differences. Initially, we used neutrophils fixed in buffered formalin acetone solution to observe the influence of this method on the ANCA staining patterns. We found that some sera that were P-ANCA positive on ethanol fixed neutrophils gave a granular cytoplasmic staining pattern (C-ANCA) on neutrophils fixed in buffered formalin acetone, and others became negative, but this was not reproducible from batch to batch (results not shown). This is in agreement with the findings of Spickett and Broomhead." Furthermore, we found that formalin fixed neutrophils occasionally gave positive C-ANCA reactions with sera from healthy blood donors that could not be reproduced with unfixed or ethanol fixed neutrophils (results not shown). Using paraformaldehyde fixation, the P-ANCA pattern of sera from ulcerative colitis patients was not changed, which is in agreement with the results by Billing etal. 6 We found that the acetone and paraformaldehyde fixations decreased the ulcerative colitis P-ANCA titres, but the sensitivity of the test remained mainly unchanged. Cambridge et all' found that when ethanol fixed cells were used, only sera with a high titre (> 1:50) remained positive on acetone fixed neutrophils and 60% of these sera lost their ANCA positivity when tested on paraformaldehyde fixed cells. This is consistent with our findings suggesting that the antigen(s) of ulcerative colitis P-ANCA is better exposed on ethanol fixed cells.
In conclusion, our results show that both the ulcerative colitis associated and anti-MPO associated P-ANCA patterns are expressed equally well on unfixed or ethanol fixed neutrophils; the same applies to C-ANCA. Thus, the P-ANCA pattern does not appear to be the result of an artefact caused by the fixation method. Furthermore, we confirm the results of the international workshops,5 6 showing that when the indirect immunofluorescence method is used to detect ANCAs, the best results are obtained with ethanol fixed human neutrophils.
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